Does genotype predict development of the spinal deformity in patients with diastrophic dysplasia?
of scoliosis varies greatly both clinically and radiologically [11, 13, 19] . Although clinical variability is known among siblings [5] , the magnitude of their curves tends to be similar [13] . It is not known to what extent genotype, i.e. different mutations in the DTDST gene [4] , affects the development of the spinal deformity.
We investigated the natural history of scoliosis in adult patients with DD and compared our findings with genotype data to establish whether the development and severity of the scoliosis could be predicted from the genotype.
Materials and methods

Patients
We studied 69 unselected patients, 46 of them females and 23 males from all over Finland. The age of the patients at the time of the first radiograph of the spine ranged from newborn to 78 years (average 16.3 years). All patients were 16 years or older at the time of their last radiograph. Eight families had two affected adult siblings and three families had three affected adult siblings.
Genotype
Blood samples were collected from patients clinically diagnosed as having DD, and their genotypes were determined as previously described [4] .
Radiographs
Standard anteroposterior and lateral radiographs of the spine were taken in an upright standing position. Consecutive radiographs (two or more) were available for 58 patients (84%), with an average follow-up of 20 years (range 2-41 years). Only radiographs taken before the operation were included for four patients who had undergone surgical treatment of the thoracic and/or lumbar deformity.
Statistical analysis
The statistical significance of the prevalence of scoliosis between patients with different genotypes was analyzed by the chi-squared test, and the severity of scoliosis in different groups by KruskalWallis analysis of variance. The statistically significant P-value was defined as P<0.05 and the highly significant value as P<0.01.
Results
Genotype
The most prevalent mutation in our patients, designated DTDST Fin , is a GT>GC transition in the splice donor site of a 5' untranslated exon leading to reduced levels of DTDST RNA. Fifty-six patients were homozygous for this mutation (DTDST Fin /DTDST Fin ). An arginine-to-tryptophan substitution at residue 279 (R279 W) was found in nine patients; all were compound heterozygotes (DTDSTFin/ R279 W). In four patients one mutant allele could not be determined (DTDST Fin /?).
Prevalence of scoliosis
Sixty-two (90%) of the 69 patients had scoliosis. Of the patients with mutation of the DTDST Fin /DTDST Fin genotype, scoliosis was found in 51 patients (91%) ( Fig. 2A,B) ; the average deformity was 43°(range 12°-188°). Scoliosis with an average curve of 34°(range 11°-70°) was found in eight (89%) of the patients with DTDST Fin /R279 W genotype (Fig. 2C) . Scoliosis with an average curve of 126°(range 77°to 188°) was found in three (75%) of the patients with the DTDST Fin /? genotype.
Different patterns of curvature and their distribution in the whole patient population are given in Table 1 . Patterns of curvature among siblings are given in Table 2 .
In statistical analysis, there was no difference in the prevalence of scoliosis (P=0.586) or magnitude of the curves (P=0.320) between different subgroups.
Discussion
Scoliosis is common in patients with DD, and in this study the prevalence was even higher than reported previously [11, 17, 19 ]. Scoliosis appears to be an almost constant feature in this rare disease. However, we found no correlation between genotype and the development and severity of the scoliosis. This may be due to the small number of patients with DTDST Fin /? genotype. If this group had been larger, the difference between this subgroup and the other two subgroups probably would have been statistically significant.
We chose spine and scoliosis to study the correlation between genotype and phenotype, as there is only little, if any, progression in severity after the cessation of growth [11, 14] , which is in contrast, for example, to early degeneration and contractures in joints, which proceed in adulthood [7, 10, 18, 19] . On the other hand, a definite value for comparison between subgroups (magnitude of the curve) can be obtained.
Matsui et al. studied the correlation between genotype and phenotype in patients with achondroplasia and hypochondroplasia [9] , two allelic disorders with different mutations. Their findings showed a firm statistical correlation between genotype and phenotype, although there were a few exceptional cases with phenotypic overlap between the two conditions. The mode of inheritance may be associated with differences in correlation between genotype and phenotype. Achondroplasia and hypochondroplasia are inherited dominantly [15] , whereas DD is inherited recessively. On the other hand, mutations in pa- We conclude that scoliosis is almost a hallmark feature of DD. Although curve patterns are similar among siblings, development and severity of the scoliosis cannot be predicted from the genotype. As well as external factors, several genes appear to affect the development of the scoliosis. 
